Introduction: Takotsubo cardiomyopathy (TTC), also called stress cardiomyopathy, is a transient reversible left ventricular dysfunction mimicking acute coronary syndrome (ACS). Studies have shown similar rates of in-hospital complications in TTC and myocardial infarction (MI). Left bundle branch block (LBBB) is associated with increased mortality in patients with MI; however, similar studies comparing outcomes of TTC in the presence of LBBB are lacking. Methods: The 2016 National Inpatient Sample (NIS) database was queried to identify all admissions with a primary discharge diagnosis of TTC. Diagnosis-specific codes were used to stratify patients based on the presence or absence of LBBB. Both population sets were paired using 1:10 propensity score matching. Multivariate logistic regression analysis was performed to compare various in-hospital outcomes among both groups. Results: Amongst 7270 admissions for TTC, 226 patients had concomitant LBBB. After performing 1:10 propensity matching, 130 patients with LBBB were compared to 1275 patients without LBBB. The presence of LBBB was associated with increased odds of cardiogenic shock (AOR = 2.2, 95% CI 1.21-3.99, p = 0.0097); ventricular arrhythmia (AOR 1.99, 95% CI 1.11-3.57, p = 0.02), acute congestive heart failure (AOR = 1.49, 95% CI 1.01-2.2, p = 0.04), and sudden cardiac arrest (AOR = 3.37, 95% CI 1.59-7.13, p = 0.0001). There was no statistical difference in all-cause in-hospital mortality, however a trend towards worsening was noted. Conclusions: The incidence of arrhythmia and shock in patients with TTC does not correlate with the extent of myocardium involvement. The presence of LBBB in such cases can help recognize at-risk populations, and with timely intervention, life-threatening complications can be avoided. Despite limitations of the dataset and inability to establish causality, prospective studies with longer follow-up are warranted.
INTRODUCTION
Takotsubo cardiomyopathy (TTC) also called stress cardiomyopathy or broken heart syndrome, is described as short-term reversible left ventricular dysfunction in the absence of obstructive coronary artery disease (CAD) [1] . Dote et al. first reported the condition in 1991 to describe myocardial stunning in five patients with multi-vessel coronary spasm and no evidence of CAD [2] . The term TTC was coined due to the echocardiographic resemblance of the left ventricle to a fishing apparatus called 'takotsubo' commonly used in Japan to catch octopus. TTC characteristically causes hypokinesis of the left ventricle apical wall resulting in systolic bulging of the apex, hence the name apical ballooning syndrome. The upgraded International Takotsubo Diagnostic Criteria (InterTAK Diagnostic criteria) was reported by Ghadri et al. in 'The International Expert Consensus Document on Takotsubo Syndrome' released in the year 2018 [3] . Besides the typical TTC affecting the apex, 'atypical' variants of TTC involving non-apical myocardial territories such as the base, mid ventricles, focal, and diffuse ventricle wall have also been reported in the literature [3] . Often preceded by a physical or emotional stressor, TTC can lead to lifethreatening arrhythmias and sudden cardiac death (SCD).
Left bundle branch block (LBBB) pattern results from a disruption of the normal conducting capacity of both anterior and posterior left fascicles of His-Purkinje system (HPS). Interruption of impulse conduction leads to the chaotic transmission through the ventricular myocardium leading to broadening of the QRS complex on electrocardiogram (EKG). Often seen in asymptomatic young patients, LBBB can represent underlying structural heart disease, especially when presenting with acute coronary syndrome (ACS). New LBBB in a patient with presumed ACS is considered ST-elevated myocardial infarction (STEMI) equivalent [4] . Several studies have highlighted LBBB as an independent predictor of mortality in patients with CAD [5] [6] [7] . Similar studies, however, in patients with TTC are lacking. TTC can mimic ACS as both conditions present with similar symptoms: elevated serum cardiac biomarkers and electrocardiographic changes. The risk of in-hospital complications with TTC is reportedly similar to ACS [8] . Increased age, presence of physical stressor, and ejection fraction (EF) of \ 40% have all been associated with poor prognosis in TTC [9] . However, a positive correlation between the degree of ventricular dysfunction and incidence of hypotension and cardiogenic shock in TTC has not been established [10, 11] . Given the lack of indicators to suggest poor prognosis or rates of complications in TTC, we carried out a retrospective study to assess for clinical outcomes in this population, when associated with chronic or new-onset LBBB.
METHODS

Data Sources
The largest all-payer database of in-patient hospitalization in the United States, the 2016 National Inpatient Sample (NIS), was used to extract the study population [12] . The NIS is part of the Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality (AHRQ). The NIS is primarily derived from billing data submitted by hospitals to statewide data organizations across the USA. The 2016 NIS comprises 47 statewide organizations including 96% of hospital admissions from U.S. community hospitals. The database represents a 20% stratified sample of all inpatient discharges from acute care hospitals excluding rehabilitation and long-term acute care facilities. Each hospitalization includes de-identified patient information such as demographics, discharge diagnosis as identified by the international classification of diseases, tenth revision clinical modification (ICD-10 CM), procedures performed (ICD-10 PCS), comorbid conditions, and final outcome. Compared to previous versions of older datasets, the 2016 database uses ICD-10 CM codes instead of ICD-9 CM and has a self-weighting design that reduces the margin of error while calculating estimates. The 2016 NIS format allowed identification of one primary discharge diagnosis and up to 24 secondary discharge diagnoses based on ICD-10-CM codes. Institutional review board approval was not required as the dataset was publicly acquired and consisted of de-identified patient information.
Study Population
We queried the 2016 NIS to recognize all unweighted admissions for patients aged [ 18 years who were discharged with a primary diagnosis of TTC. Sampling weights were only applied to calculate the national rates for trends of TTC and LBBB by month as recommended by HCUP for trend analysis (Fig. 1 ). ICD-10-CM codes developed by Centers for Medicare and Medicaid (CMS) and the National Center for Health Statistics (NCHS) were utilized to identify the study cohort. Patients with primary discharge ICD-10-CM code I51.81 applicable to patients with reversible left ventricular dysfunction following sudden emotional stress, stress-induced cardiomyopathy, TTC, transient left ventricular apical ballooning syndrome as defined by CMS were selected for the study. One of the prerequisites to diagnose TTC as defined by the Mayo Clinic Criteria is either the absence of obstructive coronary artery disease (CAD) on cardiac catheterization or left ventricle dysfunction out of proportion to the angiographic findings [13] . To improve cohort characteristic and TTC specificity, only patients who underwent cardiac catheterization were included in the study. TTC patients who did not undergo cardiac catheterization were excluded. Once patients with TTC were identified, the cohort was stratified into two groups based on the presence or absence of LBBB (ICD-10-CM code I44.7). Patients with TTC without LBBB served as the reference population, as opposed to the testing population with concomitant LBBB. Respective ICD-10-CM codes were used to categorize comorbid conditions in both groups. The list of ICD codes used in the analysis to compare comorbidities, diagnosis, and procedures between both groups are shown in Table 1 .
Study Outcomes
The primary outcome of the analysis was to study the impact of LBBB on in-hospital mortality in patients with TTC. Secondary outcomes included rates of cardiogenic shock, ventricular arrhythmia, sudden cardiac arrest, acute congestive heart failure (CHF), total hospital cost, and length of stay. Ventricular arrhythmia included diagnostic codes for both ventricular tachycardia and ventricular fibrillation. The list of ICD codes used in the analysis to compare outcomes between both groups are shown in Table 2 .
Statistical Analysis
We used a propensity scoring method to match two cohorts in order to mitigate selection bias and to control for patient and institutional imbalances. The scoring was based on a multivariate logistic regression model accounting for all the variables, as mentioned in Table 3 . Using 8-to-1-digit match, we paired each admission in TTC plus LBBB group with ten admissions in TTC without LBBB group. Student's t test was used to compare continuous variables, and the Chi-square test was used for categorical variables. A logistic regression model was used to examine the associations between LBBB and various in-hospital outcomes after adjusting the variables listed in Table 3 . The monthly trends for TTC and LBBB were calculated using sampling trends as recommended by HCUP. All statistical analyses were performed using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA).
RESULTS
A total of 7270 unweighted admissions with a primary discharge diagnosis of TTC were identified from the dataset. Out of 7270 patients, 47.66% (n = 3465) underwent cardiac catheterization and were included in the study. The remaining 52.44% of patients (n = 3805) who did not undergo cardiac catheterization were excluded from the study. Previous studies have observed a temporal trend of increased TTC admissions from April to September. [14] . We conducted a similar trend analysis for all hospitalizations in the year 2016. Figure 1 shows the monthly admission trends of TTC and LBBB for the year 2016. The peak incidence of TTC admissions, 10.2 per 100,000 admissions, was seen in August correlating with the findings studied previously. Among 3465 TTC patients who underwent cardiac catheterization, 86.46% (n = 2996) were females and 3.89% (n = 135) had concomitant diagnosis of LBBB. Table 3 demonstrates baseline characteristics and comorbidities for both groups (with and without LBBB) before calculating the propensity scores. Patients with LBBB were older (73.1 vs. 66.6 years, p \ 0.0001), had higher incidence of coronary artery disease (64.4 vs. 51.6%, p = 0.0034), and chronic kidney disease (20.0 vs. 9.8%, p = 0.0001). The rates of smoking were higher in patients without LBBB (18.5 vs. 11.9%, p = 0.04). There was no statistical difference between both groups in terms of gender, race, income, and other comorbidities such as chronic congestive heart failure, chronic obstructive lung disease, diabetes mellitus, and obesity, among others. Among patients with LBBB, 4.4% (n = 6) had cardiac catheterization with some capacity of intervention (angioplasty or stent placement) as opposed to 6.0% (n = 199) in those without LBBB. The rates of cardiogenic shock (11.9 vs. 6.5%, p = 0.0059), ventricular arrhythmia (11.9 vs. 6.5%, p = 0.01), sudden cardiac arrest (7.4 vs. 2.5%, p = 0.0001), and acute congestive heart failure (37.8 vs. 25.2%, p = 0.043) were higher in the LBBB group (Fig. 2) .
After calculating propensity scores, we paired 130 admissions in the LBBB group to 1275 admissions without LBBB. Table 4 shows the baseline characteristics and comorbidities for both groups after performing propensity matching. The mean age of the cohort after pairing was 73.0 ± 10.3 years, comprising 87.3% (n = 1226) females. The earlier noted statistical difference in the rates of coronary artery disease, age, chronic kidney disease, and smoking was annulled post-pairing, advocating successful matching. Post-matching, there was less than a 5% standardized mean difference between both groups. Post-pairing, LBBB was associated with higher rates of cardiogenic shock (11.5 vs. 5.9%, p = 0.0097), ventricular arrhythmia (12.3 vs. 6.4%, p = 0.02), sudden cardiac arrest (7.7 vs. 2.5%, p = 0.001), and acute congestive heart failure (37.7 vs. 28.9%, p = 0.04). The overall in-hospital mortality was found 2.6% in all patients (with and without LBBB) with TTC. We did not achieve statistical significance for acute kidney injury (19.2 vs. 17.6%, p = 0.769) and all-cause in-hospital mortality (5.4 vs. 2.7%, p = 0.113) in the LBBB group, however a trend towards worsening was noted.
The odds of having cardiogenic shock (AOR = 2.2, 95% CI 1.21-3.99, p = 0.0097) and ventricular arrhythmia (AOR = 1.99, 95% CI 1.11-3.57, p = 0.02) were doubled in the LBBB group. Similarly, LBBB was also associated with increased odds of having sudden cardiac arrest by almost three-fold in comparison to those without LBBB (AOR = 3.37, 95% CI 1.59-7.13, p = 0.001) (Fig. 3) . The presence of LBBB was not associated with increased hospital charges or length of hospitalization. In the unmatched population, the median length of stay was 3.0 days (IQR = 2.0-6.0 days) compared to 4.0 days (IQR = 2.0-7.0 days). These findings did not change post-matching. AOR adjusted odds ratio, LCL lower confidence limit, UCL upper confidence limit 
DISCUSSION
To the best of our knowledge, this is the firstever study performed to assess the outcomes of TTC in patients with ventricular conduction abnormalities such as LBBB. After adjusting for other comorbidities, we found that LBBB is independently associated with increased odds of cardiogenic shock, sudden cardiac arrest, ventricular arrhythmia, and acute congestive heart failure in patients with TTC. The hospitalization all-cause mortality rates were higher in the LBBB group; however, this number did not reach statistical significance. The prevalence of LBBB is around 0.06-1% in the general population and increases with age [15, 16] . The incidence of LBBB increases in patients with a history of hypertension, coronary artery disease, and heart failure. Not only is LBBB associated with various cardiovascular disease but also its presence at a young age increases the risk of acquiring cardiovascular health problems later in life [17, 18] . More often than not, LBBB is associated with slowly progressing aging or fibrotic conduction system, left ventricular hypertrophy rather than acute MI [19] . The prognostic significance of LBBB in patients with angina and ACS is well established [6, 7] . Bansilal et al. studied long-term outcomes in patients with angina who presented with LBBB and found increased rates of major adverse cardiovascular events (MACE) and lower survival rates at 16 years of follow-up [20] . For MI to present as new-onset LBBB, myocardial damage involving the distal conduction system is required. This usually happens in cases with transmural MI involving extensive myocardial territory, which partly explains why ACS patients with LBBB tend to have a poorer prognosis [21] .
The exact pathophysiology behind TTC remains ambiguous. The hypothesis of catecholamine surge resulting in myocardial AOR adjusted odds ratio, LCL lower confidence limit, UCL upper confidence limit stunning has been backed by elevated plasma catecholamine levels and histologic evidence during endomyocardial biopsies [22] [23] [24] . Other mechanisms, such as coronary artery spasm and microvascular dysfunction, have also been postulated [25, 26] . Since the extent of myocardial involvement in TTC extends beyond the territory of a single vessel, the HPS can be frequently involved, resulting in LBBB. ST-segment elevation and T wave inversion remain the two most common electrocardiogram (EKG) changes in patients with TTC as studied by Namgung [27] . Parodi et al. reported an estimated prevalence of LBBB in 9% of TTC patients at the time of diagnosis [28] . Other isolated case reports establishing an association between TTC and new or old LBBB have also been reported in the literature [29] [30] [31] . The presence of conduction abnormalities in TTC can be attributed to decreased blood flow to the ventricular conduction system either due to left ventricular dyskinesia or catecholamine-induced vasospasm [30] .
During the acute and subacute phases of TTC, patients are prone to cardiogenic shock, ventricular arrhythmia, and sudden cardiac arrest. Initial proposed reports of favorable prognosis in TTC patients compared to ACS have been challenged in recent studies. The large International Takotsubo Registry reported 30-day mortality of 5.9% in TTC patients and a similar study based in Sweden found a 30-day mortality rate of 4.1%, similar to those with ACS [32, 33] . TTC can occur without an existing stress trigger (primary TTC) as opposed to those with identifiable trigger or when already hospitalized for other medical conditions (secondary TTC). Mortality rates also differ between primary and secondary TTC. A study based on the United States Medicare database by Murugiah et al. showed worse 30-day in secondary TTC compared to principle TTC (2.5 vs. 4.7%) [34] . Several studies have been carried out to identify the factors responsible for high mortality rates in TTC. Ghadri et al. showed higher mortality rates when TTC is affiliated with a physical stressor compared to an emotional stressor [35] . A systematic review of 54 studies including a total of 4679 patients showed old age, physical stressor, and atypical ballooning were all associated with unfavorable prognosis in TTC [36] . Active malignancy or even a history of cancer increases mortality in TTC [37] . The mortality rates were higher in TTC patients presenting with T-wave inversion on EKG compared to ACS patients with a similar electrocardiographic presentation [38] . Similar results were not seen in those presenting with ST-elevation on EKG [39] .
The use of LBBB as an indicator to predict outcomes in TTC has not been advocated previously. In theory, myocardial stunning extensive enough to disrupt the distal conductive system to result in LBBB should portend worse consequences. Similarly, in patients with known LBBB who develop new-onset TTC, the desynchrony of the left ventricle could potentiate underlying heart failure. This was evident in our study, as the rates of acute congestive heart failure were higher in patients with LBBB. Another potential explanation for poor outcomes in patients presenting with LBBB is the association of the latter with other comorbid conditions [40] . Stenestrand et al. reported that in patients with MI when adjusted for age, baseline characteristics, comorbid conditions, and left ventricular ejection fraction, LBBB was not independently associated with 1-year mortality [41] . Similar equivocal results with LBBB have also been reported in TTC patients [28] . Despite early reports questioning the impact of LBBB in ACS or TTC when adjusted for comorbidities, there was undoubtedly a strong predilection between LBBB and in-hospital adverse events in our study when comparing two equally matched cohorts.
The ensuing limitations should be considered when translating the results of our study. The NIS database relies heavily on physician ICD-10-CM coding, which can leave room for diagnosis error and selection bias. This was minimized by excluding the patients who did not undergo cardiac catheterization. Secondly, sinus tachycardia in patients with LBBB can appear as wide complex tachycardia (WCT) and can be wrongly interpreted as ventricular tachycardia again, raising the possibility of diagnostic errors. However, the higher rates of sudden cardiac arrest in the LBBB group can indicate the true nature of the above-mentioned ventricular arrhythmia. Since both old and new-onset LBBB had the same ICD code, we were unable to distinguish the impact on one compared to the other. Propensity matching to pair both groups for comorbidities resulted in the loss of power, which could explain why despite the higher rates of acute kidney injury and in-hospital deaths in patients with LBBB, both of these findings were not statistically significant (type II error). The 2016 NIS uses ICD-10-CM codes as opposed to ICD-9-CM codes used in previous years. The authors preferred ICD-10-CM codes over ICD-9-CM due to the former's specificity in diagnostic codes. For this reason, we were unable to extend our analysis to more than 1 year. We were unable to identify the inciting event or the ejection fraction due to the scarcity of available information in NIS. The study also had its strength in being the only analysis to assess the impact of conduction abnormalities, such as LBBB in patients with TTC. The use of propensity scoring aided in creating two similar groups with similar comorbidity profiles establishing the independent role of LBBB in TTC outcomes.
CONCLUSIONS
In conclusion, we studied the impact of new or chronic LBBB on in-hospital outcomes in patients with TTC. After adjusting for various comorbidities both before and after propensity matching, LBBB was associated with increased odds of various in-hospital complications including cardiogenic shock and ventricular arrhythmias. A trend towards increased in-hospital mortality was also notable. Along with age, physical stressor, and low ejection fraction, the presence of LBBB should be considered as an ominous sign in patients with TTC. Future studies with longer follow-up are warranted to validate our findings further.
